Abstract The spatial variability of monthly diurnal and nocturnal mean values of temperature in Spain has been analysed to evaluate the optimal threshold distance between neighbouring stations that make a meteorological network (in terms of stations' density) well representative of the conterminous land of Spain. To this end, the correlation decay distance has been calculated using the highest quality monthly available temperature series from AEMet (National Spanish Meteorological Agency). In the conterminous land of Spain, the distance at which couples of stations have a common variance above the selected threshold (50 %, r Pearson ∼0.70) for both maximum and minimum temperature on average does not exceed 400 km, with relevant spatial and temporal differences, and in extended areas of Spain, this value is lower than 200 km. The spatial variability for minimum temperature is higher than for maximum, except in cold months when the reverse is true. Spatially, highest values are located in both diurnal and nocturnal temperatures to the southeastern coastland and lower spatial variability is found to the inland areas, and thus the spatial variability shows a clear coastland-to-inland gradient at annual and monthly scale. Monthly analyses show that the highest spatial variability in maximum and minimum temperatures occur in July and August, when radiation is maximum, and in lowland areas, (<200 m o.s.l.), which coincide with the mostly transformed landscapes, particularly by irrigation and urbanization. These results highlight local factors could play a major role on spatial variability of temperature. Being maximum and minimum temperature interstation correlation values highly variable in Spanish land, an average of threshold distance of about 200 km as a limit value for a well representative network should be recommended for climate analyses,.
Introduction
The research on climate change suggests that the most appropriate analyses for detecting any signal should be done using as dense as possible high-quality datasets (Hansen and Lebedeff 1987; Madden et al. 1993; Osborn and Hulme 1997; New et al. 2000; Jones and Moberg 2003; Caesar et al. 2006) . High-quality dense dataset are also demanded for climate models validation to detect possible effects of climate forcing, because "how well a model reproduces reality in a region with little data must be an open question" (Jones et al. 1997) . Finally, high-density databases have proved to be increasingly important in the recent past, and they are likely to become even more important in the future, as decision support tools in a wide spectrum of fields, such as, just to cite a few, energy, agriculture, engineering, hydrology, ecology and natural resource conservation (New et al. 2000) .
The spatial coherence of meteorological variables is a wellknown problem, particularly relevant when we are dealing with interpolation tasks (see Gandin 1988; Eischeid et al. 1995; Jones and Moberg 2003; Shen et al. 2001; Raynaud et al. 2008) . Gunst (1995) presented a review of spatial variability detection in climate elements and its application, from which emerged the correlation distance analyses as one of the most commonly used practice, generically named correlation decay distance (CDD), correlation decay lengths (CDL) or decorrelation length.
The CDD (recently revised by Pannekoucke et al. 2008 ) is defined as the distance at which the selected common variance between couple of stations decrease below certain threshold and calculated as follows:
where r is the correlation between neighbouring stations, x the distance between stations and x 0 the distance where the correlation r values fall below a defined threshold. In general, this threshold is assumed to be (1/e) for large sample size data (Madden et al. 1993; Briffa and Jones 1993; Jones and Briffa 1996; Osborn and Hulme 1997; New et al. 2000; Caesar et al. 2006; Hofstra and New 2009) , and represents the distance at which interstation correlation is no longer significant at the 95 % level (i.e. r ∼0.36 for N≥30). Greater values of CDD indicate that more distant stations retain a significant correlation, and the spatial variability of the analysed variable is low, and vice versa (Hofstra and New 2009; Osborn and Hulme 1997; Briffa and Jones 1993) . This spatial variability of correlation could be affected by geographical factors, such as mountain barriers, urbanization, land-use changes, and landocean contact (Jones et al. 1997) , which may drive some geographical variability.
In general, precipitation presents a stronger decrease of interstation correlation with distance (i.e. has a high spatial variability) than temperatures (New et al. 2000) ; however, new observation tools, such as meteorological radars, provided an important step forward into the improvement of precipitation monitoring at the adequate spatial resolution. This is not true for temperatures, for which station networks still represent the most reliable source of information. Notwithstanding, Hansen and Lebedeff (1987) have suggested that "before analyze a large-area temperature change from stations measurements, it is important to have a quantitative measure of the size of the surrounding area for which a given station's data may provide a significant information of temperature change". This preliminary step would help to avoid any bias when the irregular distribution of the available original stations was converted in a continuous field, such as a grid, (Jones and Moberg 2003; Mitchell and Jones 2005; Caesar et al. 2006; Hofstra and New 2009 ), or when spatial variability in the original data is unknown.
The overall values of CDD for monthly temperatures usually exceed hundreds of kilometers, and high differences have been highlighted in different latitudinal bands. At global scale, Hansen and Lebedeff (1987) found that Pearson's correlation coefficient fell below 0.5 (i.e. r 2 <0.25) at station distance of about 1.200 km on average, being this distance lower at low latitudes than at high latitudes, "probably as a consequence of the dominance of mixing by large-scales eddies at high latitudes". Different results were reported by Jones et al. (1997) who found higher values of CDD in tropical areas than in mean latitudes; they suggest a global mean value around 1500 km at which r<0.5, similar to those reported by Mann and Park (1993) , Madden et al. (1993) , Caesar et al. (2006) , Kim and North (1991) and Osborn and Hulme (1997) . A global mean value of 1200 km was used by Mitchell and Jones (2005) , following the study of New et al. (2000) , for global database preparation.
We have found few studies analyzing CDD for temperature data at regional scales, and they came from very sparse regions. In Europe, Agustí et al. (2000) reported for 50 % of common variance (i.e. r ∼0.7), a general value of 400 km for annual mean temperature values; in the Alpine areas, Auer et al. (2005) reported decreasing distance from 900 to 700 km for annual and seasonal-monthly values respectively for the same value (r 2 =0.5), and in Italy, Brunetti et al. (2006) suggested for monthly values distances of 400 km, suggesting that the decrease in common variance was higher for maximum and minimum temperature than for the mean one. Different values have been reported in Canada (Hopkinson et al. 2012) , where Shen et al. (2001) found a threshold value of 200 km for the same critical value as before. In Spain, Frías et al. (2002) discussed regional temperature spatial anomalies pattern in winter but no data was given, and Staudt et al. (2007) quoted that the cross-correlation between anomalies usually exceed 0.5 even at distances of the order of 500 km, but no analyses was presented.
It is accepted that annual CDD values are generally higher than seasonal or monthly (Briffa and Jones 1993; Jones et al. 1997; New et al. 2000; Auer et al. 2005; Caesar et al. 2006; Hofstra and New 2009 ). Also, seasonal differences have been reported by Briffa and Jones (1993) , New et al. (2000) , Caesar et al. (2006) and Hofstra and New (2009) , who suggested that summer spatial variability was higher than winter variability in mid-latitudes, while Jones et al (1997) suggested higher spatial variability in spring, and similar values of CDD for summer and winter; Srivastava et al. (2009) found in India for monthly maximum temperature the lowest CDD (450 km) in February-March and June and the highest (1100 km) in August and autumn months, while Hopkinson et al. (2012) have recently found in Canada the highest values of CDD for maximum temperature in spring and autumn.
In this study, we present an analysis of the spatial variability of maximum and minimum temperature in the conterminous land of Spain using CDD defined as the distance at which the common variance between stations decrease below 50 % (i.e. Pearson r ∼0.7). The aim is to quantify, at subregional level, their spatial variability to identify the optimal threshold distance between neighbouring stations that should characterize an ideal network suitable to support climate studies. The results also highlight the leading factors in driving the spatial variability of temperatures at subregional scale in the Iberian Peninsula.
Data and methods
In the present study, we have used the monthly mean values of maximum (T max ) and minimum (T min ) temperature from the original data archived at Spanish Meteorological Agency (AEMet). These archives hold information of temperature from more than 4000 stations. Original series include numerous gaps and cover different periods, so to avoid this problem biases in the results, CDD values were calculated using only the most complete series during the period 1981-2010; selected series had no more than 10 % of monthly missing data, and quality control was applied to discard suspicious data and detect inhomogeneities in the frame of the HIDROCAES project. Thus, we finally analysed 459 and 454 series for T max and T min , respectively. In Fig. 1 , we show the spatial distribution of stations.
The CDD analysis for T max and T min was performed by calculating a correlation matrix at monthly scale using monthly anomalies data (difference between each monthly data and mean monthly to prevent the dominant effect of annual cycle in the CDD annual estimation. For each station, and time scale, the common variance r 2 (using the square of Pearson's correlation coefficient) was calculated between all neighbouring temperature series and the relation between r 2 and distance was modelled according to the following Eq. 1:
being log(r ij 2 ) the logarithm of the common variance between target (i) and neighbouring series ( j), d ij the distance in kilometer between them and b the slope of the ordinary least-square linear regression model applied, taking into account only the surrounding stations within a starting radius of 50 km and with a minimum of five stations required.
Such approach is similar to that of many other authors (Briffa and Jones 1993; Jones and Briffa 1996; Jones et al. 1997; Caesar et al. 2006; Srivastava et al. 2009 ), differing only in the introduction of the square of r in the first term of Eq. 1 and of the square root in the second term, which were found to slightly improve the performance of the model for Spanish data. The high station density allows to increase the widely used threshold of r=0.50, and to define the CDD as the distance at which the common variance between target and neighbouring series is equal to 50 %, i.e. r 2 ≥0.50 (r Pearson ∼0.70) using Eq. 1. Jones et al. (1997) stressed that a positive bias in the estimated CDD is introduced if all points with negative r are Fig. 1 The Iberian Peninsula main orographic features and the spatial distribution of T max and T min series Spatial variability of maximum and minimum monthly temperaturediscarded before calculating the logarithm and corrected the problem adopting an iterative least-square fit of its non-linear exponential model including all the negative r values. We choose a different solution that minimize the bias without changing the linear model: to avoid extrapolating the estimated CDD outside the upper bond of the regression interval (initially fixed at 50 km), if the estimated CDD is greater than 50 km, the starting radius was increased by 50 km and the CDD was recalculated, until the estimated CDD was found to be lower than the radius within the model search for the stations (see Cortesi et al. 2013b) . In this way, points with negative r value are rarely included in the model, because they are usually found at high distances (>400 km), while the majority of the regression models with variable distance stop before such length.
Monthly and mean annual CDD values were interpolated using the ordinary kriging with a spherical variogram over conterminous land of Spain and converted on a regular 10 km 2 grid (resolution is similar to the mean distance between stations) to map the results.
Finally, we would like to stress that our goal has been to study the spatial variability of temperature over Spain to provide crucial information about the spatial coherence in the signal, very useful when the stations' data are used to construct regularly spaced data sets (gridded datasets). Then, the aim of the manuscript was not to identify coherent spatial patterns or typical mode of temperature variability over Spain, for which a principal component analysis seems to be much more indicated. In few words, the CDD provides for each observatory the distance at which common variance is maintained within a selected threshold, while on the contrary PCA provides information about spatial or temporal (if applied in S-or T-mode) co-variability pattern, very useful to study mode of variability or for clustering analyses, but not the most appropriated for our purpose.
Results

Annual mean values of CDD in T max and T min
The spatial pattern of mean annual CDD of T max and T min is shown in Fig. 2 . Globally, CDD values are lower for T min than for T max , and the lowest values of CDD are found along coastland, while inland CDD values are higher. As a consequence T min is more variable than T max , even if it behaves more homogeneously because CDD presents stronger spatial gradients from coastland to inland in T max than in T min .
T max CDD annual values are about constant along the northeast to southwest oriented bands (Fig. 2) , with lowest CDD values located at the southeastern coastland sectors, where the values of CDD are lower than 100 km. The highest T max CDD values are found in extended areas of inland, with CDD ≥300 km, coinciding with the inland plateau areas and Ebro river catchments. In these areas, it is not uncommon to find values of common variance >50 % at distance over 300 km. Also, for T min , the lowest CDD values are found in the coastland areas, with minimum values in the extreme coastland areas of the southeast, but the area with CDD values lower than 100 km is more extended than for T max , and affect roughly half of the study area; moreover, the distribution of CDD values presents a latitudinal gradient from low CDD in the southern areas to high CDD to the north.
Monthly mean values of CDD in T max and T min
The monthly analyses of T max and T min CDD show important differences (Fig. 3) . In general, the lowest values of CDD, both for T max and T min , are found along the eastern coastland of the Mediterranean fringe, while the highest CDD values are found in the inland areas and in the extreme southwestern coast. This fact is especially interesting because the southwestern coastland areas are open to the ocean air mass effects, while mountain barriers are parallel to the northern and southeastern coastlands.
The CDD values are lower for T min than for T max between the months of March and October, i.e. nocturnal temperature has a higher spatial variability than diurnal one when solar radiation is at maximum. When radiation is at minimum, i.e. in November, December and January, the CDD values are lower for T max than for T min , i.e. diurnal temperature is more variable than nocturnal. Finally, being the lowest CDD values in July and August both in T max and in T min , maximum spatial variability in temperatures is found when radiation reaches annual maximum.
The spatial pattern of CDD from February to October (except July-August) is similar in T max to the annual scale: minimum CDD values are located in the southeast coastland areas, while maximum ones are found to the inland and southwestern coastland; it means that diurnal temperature spatial variability is higher in the coastland areas than in the inland if the coastland areas are surrounded by mountain chains. In the southeast, the common variance of 50 % usually is not retained far than 150 km, while in the inland areas, it is found also for distances higher than 300 km, values similar to those found in the southwestern coastland areas of Guadalquivir catchment (see Figs. 1 and 3) , where no mountain barrier exists near the coastline.
On the contrary, T max during November, December and January and during July and August shows the highest spatial variability. In July and August, the lowest CDD values of T max are found in the coastland areas of northwest and southeast, with common variance of 50 % at distances lower than 100 km; also, in the inland areas, the common variance of 50 % is usually not achieved far than 200 km, being the highest values found in the Ebro catchment. This CDD spatial pattern is very similar to the annual one, but shifted toward lower values, and reflects high spatial variability in diurnal temperature. Finally, November-December-January is the only period in which CDD monthly values for T max are lower than those of T min , with generalized low CDD values and without clear spatial pattern. As a consequence, differences along the year in spatial variability of T max can be high, particularly to the inland areas. Monthly analyses of T min reveal in general lower values than T max along the year, less inter-monthly differences, and a more homogeneous spatial behaviour. The lowest CDD values are usually located in the southeastern coastland areas, and the spatial distribution of CDD generally presents a zonal shape except November, December, January and February when the northwest-southeast gradient is detected. It is noteworthy to highlight the high CDD values for T min during these months coinciding with low T max values. These findings reveal that spatial variability from November to January is higher for diurnal temperature than for nocturnal one, and reversals behaviour with respect to solar radiation is evident along the year (compare December-January and February with July and August).
The CDD in altitude
One of the most prominent results in the analyses of spatial variability of T max and T min in the Iberian Peninsula is the clear differentiation between coastland and inland. We have tried to analyze these differences, taking into account that the Iberian Peninsula is a mountainous landscape with highly inland plateau (>500 m in altitude o.s.l.) surrounded by mountain chain of about 1000-3000 m. Meanwhile, lowland areas are located in the coastland in the north, east and south, and also in the Ebro basin (northeast inland) and Guadalquivir basin (in the southwest), with altitudes lower than <500 m (see Fig. 1 ).
In Fig. 4 , we show the mean monthly interstations T max and T min CDD values versus altitude. As a general rule, the spatial variability is lower for T max than T min at any elevation except in November, December and January (Fig. 4) . The T max spatial variability decreases with altitude and increases in lowland areas (mostly coastland) when solar radiation is at minimum (December-January) and at maximum (JulyAugust). Meanwhile, T min spatial variability is higher but more homogeneous than T max at any altitude, except during cold months. Maximum CDD values are achieved around 1000 m particularly in the months of February, May and June (>600 km) and lower CDD values were found at <200 m altitude. Differences between lowland (<500 m o.s.l.) and upland areas (>500 m o.s.l.) in T max CDD can be higher than 300 km (February, May, June). Minor differences have been found in July and August and December and January, when similar CDD values were found in different altitudes. Generally speaking, altitudinal profiles of T min CDD are more homogeneous month by month between lowlands and uplands, and lower than T max except for the months of November, December and January when CDD values increase.
These findings suggest that highest/lowest spatial variability of T max coincides with lowland/upland landscape areas, i.e. with the highest/lowest modified landscapes in Spanish land, and suggest that local factors could have contributed to control T max spatial variability. On the other hand, the generalized high spatial variability of T min also suggests local conditions as the main drivers of its high spatial variability.
Discussion
Global considerations
Numerous papers have stated that T max and T min reflect different conditions of the air column in which they have been measured, as a consequence of complete changes in boundary layer dynamics (Dai et al 1999; Durre and Wallace 2001; McNider et al. 2010; Christy et al. 2009a; Klotzbach et al. 2009 ). Following them, during daytime, the air column of the atmosphere connects the surface with upper layers via adiabatic mixing processes, and then T max is representative of temperatures aloft. On the other hand, during the night and early morning, the T min represents the temperature of a much smaller mass of air because of nocturnal boundary layer are often only few hundred meters thick (McNider et al. 2010; Christy et al. 2009a; Klotzbach et al. 2009 ). As a consequence, T min depends more on local factors than T max (Mahmood et al. 2010 ) and higher spatial variability would be expected in nocturnal temperatures.
Our analyses of spatial variability evaluated by CDD in Spanish continental land ) support this hypothesis because diurnal spatial variability is lower than nocturnal one, and then following Betts et al. (2013) , it is suggested that nocturnal temperature (and its spatial variability) is related to the net long wave cooling processes that can be affected highly by local factors, while diurnal temperature spatial variability is more related to the net radiation. During night (i.e. T min ), we found CDD values lower than 100 km in more than one third of the Iberian Peninsula, and lower than 200 in three fourth of the total area, while the CDD for T max are higher than 200 km except in the southeast. Furthermore, the spatial distribution of CDD values differs between T max and T min and this fact suggests that different factors contribute to the behaviour of the two measurements. In both cases, the highest spatial variability was found in the eastern, southeastern and southern coastlands, and the lowest variability was found in the inland plateaus, but the T max spatial distribution of CDD shows a northwest to southeast gradient, while T min shows a more latitudinal variations. Finally, monthly differences are higher in T max than in T min , suggesting that the factors that can promote spatial variability of temperature probably vary in time.
General and local factors
At a global scale, higher differences in CDD temperature values have been observed to be more pronounced along a meridional than zonal direction. In the Iberian Peninsula, generally speaking, the spatial variability increases toward the south and in a higher magnitude in T min than T max . Notwithstanding, latitude does not seem the only factor driving spatial distribution of temperature variability, because we found high spatial variability in T max values in the north coastland, similar than those found in the southeast coastland around 1000 km far.
Different researchers have attributed spatial variability of temperatures to different geographical factors, such as orography (Irvine et al. 2011) , the ocean-land contact (Hopkinson et al. 2012) , and the atmospheric mechanism that governs climate along the seasons (Hansen and Lebedeff 1987) . Another set of geographical factor have been related to modification of local surface energy balance including aerosols, change in land use, albedo and soil moisture (Tang and Leng 2009; Betts et al. 2013; Peng et al. 2014) , all of them able to affect T max and T min in different ways (Dai et al. 1999; Durre and Wallace 2001; Kalnay and Cai 2003; Peng et al. 2014 ). There exists an agreement about how diurnal temperature depends more on solar heating (Betts et al. 2013) , and then the spatial variation of T max could be understood accordingly clouds and latent heat flux between other factors that can be modified by land-use change, while the spatial variation on T min could be promoted by the disruption of boundary layer originated by surface thermal forcing from land-use changes (Christy et al. 2006) , aerosols and greenhouse gases, including water vapour (Christy et al. 2006 ) and wind (Pielke and Matsui 2005 ) (see previous comments).
Generally speaking, in Spain, T max spatial variability increases in the coastland areas sheltered by mountain barriers, i.e. in the north along the northern coastland, and in the east and southeast Mediterranean coastlands. On the contrary, in coastland areas where no mountain barrier exists, as in the southwestern coastland of Guadalquivir valley, the CDD values are similar to those found inland.
It could be argued that given the relief is one of the main spatial distribution factors of precipitation (González-Hidalgo et al. 2011 ) and its spatial variability (Martin-Vide 2004); if we consider precipitation as subrogate of clouds, then a plausible explanation of high spatial variability of T max in northern Spanish coastland could be the relationship between relief, precipitation and clouds, because this area is the wettest in the whole Iberian Peninsula. In Spain, the relationship between clouds and temperature have been studied by Sánchez-Lorenzo et al. (2008) who reported that, except in winter, T max were better and positively correlated with radiation and negatively with clouds than T min ; meanwhile, in winter, Fig. 4 Monthly variations of T max and T min mean CDD (in km) by altitude negative (positive) correlations were found between radiation and T min and between clouds and T min , but not significant correlations were found with T max . This hypothesis is supported by global mean values of insolation which in the Iberian Peninsula divide three different areas: northern coastland and Pyrenees, with less than 2000 annual hours; mid-northern inland areas (except inland Ebro basin to the northeast), with annual values between 2000 and 2600 h; and finally extended areas with more than 2600 h per year, corresponding the highest values to the southeast (>3000 h) (Capel 1981) . By the same reasons, the high spatial variability of T max in the eastern and southeastern Mediterranean coastlands should be promoted by other factors, and the same is true for T min , because T min CDD follows north-south latitudinal gradient, nor the general precipitation distribution (from the northwest to southeast, Martin-Vide 2004), neither solar radiation (Capel 1981) . Consequently, the high spatial variability in eastern Spanish land in T max and T min seems to be produced by more local conditions.
In Spain, many papers currently report modification of latent heat fluxes under irrigation in areas where the potential evapotranspiration is at maximum; meanwhile, sensible heat fluxes after water consumption predominate in the vicinity of nonirrigated landscapes (Balbontin et al. 2011; Baeza et al. 2010; Campra and Millstein 2013; Moratiel and MartinezCob 2013) . The high spatial variability in diurnal and nocturnal temperatures in the southeast and along the Mediterranean coastland when the potential evapotranspiration is maximum (April-September, see Fig. 4 ) suggests that land-use changes, and particularly irrigation, could have been played a major role in the spatial distribution of temperature variability across the Iberian Peninsula.
During the last decades, the conterminous land of Spain has suffered dramatic changes in land use, particularly by irrigation, urbanization, afforestation and fire, being these processes recognized as able to modify latent and sensible local heat flux and affect the spatial variability of diurnal and nocturnal temperature records (see previous references). The most dramatic landscape changes are located mostly in Mediterranean coastland and southeastern and southern Spanish lands lower than 500 m a o.s.l., where the highest spatial variability on both T max and T min have been found. At present, in Spain, there are more than 34.000 km 2 under irrigation (Ministerio de Agricultura, Pesca y Alimentación 2009); they represent 7 % of total land and they are located primarily in the southern inland plateau (La Mancha 14.3 % of total irrigated area), south (Andalucía 28.6 %, idem) and eastern coastland (Valencia 9.6 % and Cataluña 7 %, idem). It means that more than 20.000 km 2 irrigated are located along the eastern, southeastern and southern coastlands of Spain. Particularly in the autonomous community of the eastern and southern Spanish lands, the irrigated area represents a substantial percentage of the total surface of different communities. These are, from the north to south, Cataluña (8.2 %), Valencia (14.3 %) and Andalucía (11.1 %), reaching the maximum value in Murcia where 16.5 % of total region is under irrigation. At more detailed scale (provinces), these values can be also higher.
These areas coincide with the highest spatial variability of T max and T min and agree with previous research in which was suggested that the agricultural practices enhanced nighttime sensible heat flux from the surface due to increased heat capacity of vegetation and moist soil, and change latent heat flux by evaporation (Christy et al. 2006) , particularly in summer. Then, changes in land use seems to be one of the factors that can promote high spatial variability in both T max and T min in Spanish land.
Also, urbanization has increased noticeably in Spain, and between 1987 and 2000, a total of 700 km 2 were urbanized. The urbanized areas in 2000 were over 6000 km 2 , including disperse habitat that increased to more than 13,000 km 2 (Moliní and Salgado 2010) . Mostly of the areas affected are located particularly in the eastern coastland and southern of Spain. Finally, forest fire affected >50,000 km 2 during the 1981-2010, in many cases with repeated fires in the same area; a gross evaluation of total area burned can be evaluated at least in 20,000 km 2 (Enríquez and del Moral 2012), being eastern Spanish land highly affected too.
Temporal variations of CDD
Monthly analyses reveal high spatial variation of diurnal and nocturnal temperatures variability in Spanish land and suggest that factors that can affect T max and T min vary along the year (see Fig. 4 ). From March to October (i.e. spring, summer and autumn months) the CDD for T min is lower than T max , and then the spatial variability of nighttime temperatures is higher than diurnal ones during the high radiation period. These results are in agreement with Hopkinson et al. (2012) in Canada, Brunetti et al. (2006) in Italy and also with New et al. (2000) and Caesar et al. (2006) at global scale for mid-latitudes.
Following Betts et al. (2013) , during the winter period, both T max and T min are more related with cloud, as longwave cooling dominates over the net shortwave flux, which is reduced by the high solar zenith angle. During November, December and January, higher spatial variability in T max than T min was detected in Spanish mainland, and no clear differences emerged between coastland and inland in diurnal temperatures. In the Iberian Peninsula, cold months correspond to the wettest period in the north and western areas and then the high spatial variability of T max in the northern coastland areas could be related to cloud cover; this fact apparently disagree with global results from Sánchez-Lorenzo et al. (2008) , but we must considered that these authors reported a seasonal global correlation and not spatial differences in the relationship between cloud cover and temperature. These arguments do not seem to be applicable to the inland areas where high spatial variability of T max was found in cold months. In these areas, frequent foggy conditions enhanced by local topographical depressions promoted by inversion processes could be suggested as one of the main reasons of spatial variability in diurnal temperatures, enhanced by the persistence of winter anticyclonic atmospheric condition which is the most frequent weather type in winter (Cortesi et al. 2013a) . It means that in extended areas of the inland Iberian Peninsula, high winter T max spatial variability is the consequence of a combination of global factors (low radiation) and more local ones as relief and clouds, and the results is that diurnal temperatures suffer higher spatial variability than nighttime in between November, December and January. Under this conditions, the dynamic of diurnal mixing layer in extended areas could be reduced by temperature inversion as it usually occur in nighttime; this diurnal inversion then could promote higher diurnal spatial variability and remain at night. This fact does not extend during February when CDD T max values are higher than 200 km. We have no answer at present for that question, except the reduction of anticyclonic conditions between January to February around 20 % during 1981-2010 (Cortesi et al. 2013a ) and the fact that is a transition period between cold and warm conditions.
Final remarks and conclusions
Global analyses have suggested that CDD (using r=0.50 as threshold) for temperature usually are ≥1000 km. Notwithstanding, regional studies reduces substantially the threshold distance of CDD to a few hundreds of kilometers in agreement with our results in the Iberian Peninsula both for T max and T min . In Spain, we have use a more exigent threshold value (r=0.70) and found that interstation common variance decreases to values lower than 50 % at distances almost always lower than 200 km. To our knowledge, such spatial variability of T max and T min has not been previously taken into account in past climate change studies in the Iberian Peninsula where the analysis is usually concerned only with differences in temperature trend (Brunet et al. 2006; del Río et al. 2011 del Río et al. , 2012 Bladé and Castor-Díez 2010) ; as a result, the high spatial variability detected in this study in T max and T min suggests that monthly temperature trends in the Iberian Peninsula could be better expressed by using different regional temperature series of both T max and T min . Further analyses in progress, using high-density database of temperatures, perhaps would be able to elucidate if spatial differences in temperature trends can be due or related to spatial variability of temperatures described by CDD, considering that trends in T max and T min could differ substantially.
These findings suggest that spatial variability of T max and T min in the Iberian Peninsula is high and variable through the different months in which general factors, coupled with more local ones related to land-use changes, seems can play a major role particularly in T min . Then, a reasonable threshold distance for the selection of neighborhood stations in climate analyses should be evaluated according to the examined area and the period of the year. In any case, an average value of threshold distance of about 200 km should be considered as a limit, lower than what previously accepted in the literature. This variability also suggests that temperature trend in Spanish conterminous land should be evaluated separately for different subregional areas. Research in progress is focused on such objective.
To conclude, to our knowledge, these results offer for the first time new information about the behaviour of diurnal and nocturnal temperature spatial variability that could be valuable for many objectives and climate research tasks, as regional climate series construction, reference series selection, grid interpolation, etc., in the Iberian Peninsula. Also, these results offer information either to extrapolate the information down to a site location, or to upscale it to a model grid box.
